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ABSTRACT
DuPont developed a new electrostatic dissipative fiber called P140. Seven yards of fabric, containing warp and filling bands of various blends of cotton, nylon, and P140, were manufactured to determine the appropriate fiber ratio to achieve the desired electrostatic dissipative performance. These fabrics were tested for electrostatic decay properties initially, after 5, 10, 20 and 30 wash cycles. Most all of the fabrics containing P140 fiber accepted at least the minimum required level of 4000 volts'and demonstrated overall decay times of less than 0.5 seconds through 30 wash cycles. One percent P140 was selected as the optimum level for long term durability and protection and was further evaluated in the standard nylon/cotton twill configuration Three hundred yards of the Temperate Battledress Uniform (BDU) fabric were manufactured with 50 percent cotton 49 percent nylon, and 1 percent P140. The addition of 1 percent P140 fiber to the nylon and cotton blend fabric resulted in durable electrostatic dissipation through 30 wash cycles and did not detrimentally affect physical, colorfastness, shade or infrared reflectance properties. DuPont recently developed a new static dissipative fiber called PI40. It has a sheath core construction with a circular core of black conductive carbon and a protective nylon sheath. Static dissipation is achieved through an induction mechanism rather than by conduction. Seven yards of fabric containing warp and filling bands of various blends of cotton, nylon, and PI 40 were manufactured to evaluate inclusion of the static dissipative fiber, and determine the appropriate fiber ratio to achieve the desired electrostatic dissipative properties.
SUBJECT TERMS
All of these fabrics were tested for electrostatic decay properties initially and following 5,10, 20, and 30 wash cycles. The majority of the fabrics containing P140 fiber accepted at least the minimum required level of 4000 volts and demonstrated overall decay times of less than 0.5 seconds through 30 wash cycles. The sample containing the most P140 (2.5 percent) maintained both consistent and low decay times through 30 wash cycles in both the warp and filling directions. The control fabric, containing no PI40 fiber, accepted the required minimum of 4,000 volts initially but the decay time was 9.5 seconds, exceeding the maximum decay time of less than 0.5 seconds.
One percent PI40 was selected as the optimum level for long-term durability and protection and was further evaluated in the standard nylon/cotton twill configuration. Three hundred yards of the Temperate BDU fabric (VEE 6633) was manufactured with 50 percent cotton, 49 percent nylon, and 1 percent PI40. Physical properties, shade, colorfastness, and infrared reflectance were evaluated in accordance with MIL-C-44031.
The addition of 1 percent P140 fiber to the nylon and cotton blend fabric demonstrated durable electrostatic dissipation through 30 wash cycles and did not detrimentally affect physical, colorfastness, shade or infrared reflectance properties when incorporated in the Temperate BDU configuration. The VEE 6633 met all of the physical property requirements and demonstrated comparable data to VEE 6345, the standard (MIL-C-44031) Temperate BDU fabric purchased from Defense Supply Center Philadelphia (DSCP) stock. The fabric met all requirements for infrared reflectance and matched the shade of the standard roll. The fabric met all requirements for colorfastness, with the exception of colorfastness to wet crocking for dark green with a rating of 2.5 versus the minimum rating of 3.5. This is considered to be a minimal failure and judged correctable. As expected, the fabric met the test method requirements for electrostatic decay both initially and after five cycles.
In addition, PI 40 was investigated in staple Kevlar® blend fabrics as part of the Materials with Integrated Protection program. Only 1 percent was incorporated in a blend of 72.5 percent Pima cotton and 26.5 percent Kevlar (VEE 6620). While the fabric met the required overall decay time requirement, it did not accept the minimum required voltage. This data and the nylon/cotton/P140 data previously discussed suggest that increasing the amount of PI40 to 2 percent would most likely meet the minimum required voltage.
INTRODUCTION
Currently, military specifications for Fuel Handler's clothing do not contain requirements for electrostatic decay. Fuel Handlers generally wear standard issue clothing such as the BDU and Field Coat. The Quartermaster School has expressed concern regarding accidental fuel ignition through the discharge of built up electrostatic charge in clothing. However, the technology to provide durable electrostatic resistant battledress uniform fabric has not been available until recently. A uniform fabric with integrated protection against both electrostatic and flame, as well as chemical/biological and surveillance threats, is ultimately desired as identified in several of Natick's Science and Technology Objectives. However, this report will focus on the feasibility of providing durable electrostatic resistance in both existing combat uniform fabrics and next generation fabrics with integrated protection.
FABRIC DESCRIPTION
The seven fabrics evaluated in this effort are identified as follows: 
TEST METHODOLOGY
All tests were performed in accordance with either American Society for Testing and Materials (ASTM) or American Association of Textile Chemists and Colorists (AATCC) test methods as listed in the Appendix. Federal Test Method 5931, Determination of Electrostatic Decay of Fabrics, identifies the time it takes for a charge on a fabric surface to decay to an electrostatically safe level. According to this method, an electrostatically safe level is defined as when a fabric is charged toward 5000 volts, and reaches a minimum level of 4000 volts, dissipation of 90 percent of this charge occurs within 0.5 second. The sample fabrics were tested at 20 percent relative humidity and 75 degrees Fahrenheit.
RESULTS AND DISCUSSIONS
DuPont's PI 40 has a sheath core construction with a circular core of black conductive carbon and a protective nylon sheath. Static dissipation is achieved by induction rather than conduction.
1 PI40 has a tenacity of 2.5 grams/denier before it is crimped. DuPont also markets a static dissipative fiber called Negastat®, which differs from P140 in that it has a trilobal core and is more expensive than P140. Because of the increased cost, Negastat was not tested in this evaluation.
All of the evaluated fabrics containing PI 40 were developed and supplied by DuPont based on Natick recommendations, and support Natick's leveraging efforts with industry. The PI40 fiber used in the sample fabrics was specially drawn down from 9 denier per filament (dpi) to 3 dpf, which is more compatible with cotton (1.2 dpf) and nylon (2.5 dpf). The drawdown also enhances fiber blending and prevents fiber migration. The Surgeon General has approved PI40 for use in military clothing.
Seven yards of fabric containing warp and filling bands of various blends of cotton, nylon, and PI40 were manufactured to determine the appropriate fiber ratio to achieve the desired properties. The four resulting fabrics are identified as VEE 6468/1-4. VEE 6468/1-3 contains 2.5, 1.2, and 0.6 percent P140, respectively. VEE 6468/4 contains no PI40 and is considered to be the control sample for the VEE 6468 series. These fabrics were tested for electrostatic decay properties initially, and after 5, 10, 20, and 30 wash cycles, the results are listed in Tables 1 and 2 .
Most all of the fabrics containing PI 40 fiber accepted at least the minimum required level of 4000 volts and demonstrated overall decay times of less than 0.5 seconds through 30 wash cycles. The sample containing 0.6 percent PI40, which was the smallest amount, failed to meet the minimum level of 4,000 volts after 30 wash cycles, but still dissipated the charge in less than 0.5 seconds. When charged toward 5000 volts, the cloth is required to reach a minimum level of 4000 volts.
This sample was not tested due to high residual charge level, which may damage test equipment.
This fabric did not meet the required minimum level of 4000 volts.
As demonstrated in Figures 1 and 2 , the samples containing the most P140 (2.5 percent) maintained consistent, low decay times through 30 wash cycles in both the warp and filling directions. The samples containing 1.2 and 0.6 percent PI40 demonstrated higher decay times initially and after 30 wash cycles. Generally, high initial decay times can be attributed to unknown finishes or contaminants; however, all of the fabrics were desized and scoured at the same time and were not finished with a surface treatment. Figures 3 and 4 demonstrate that the sample containing 2.5 percent P140 reached consistently higher voltage levels than the samples containing 1.2 and 0.6 percent PI40, through 30 wash cycles in both the warp and filling directions. The control fabric (VEE 6468/4), containing no PI40 fiber, accepted the required minimum of 4,000 volts initially but the decay time was 9.5 seconds, exceeding the maximum decay time of less than 0.5 seconds. After five wash cycles it did not accept the minimum voltage and the decay time was 40.3 seconds. In addition, the control was no longer tested because the high residual charge may damage the test equipment.
Based on the consistent, low decay values, and high voltage levels demonstrated in Figures 1-4 , one percent PI40 was selected as the optimum level for long term durability and protection and was further evaluated in the standard nylon/cotton twill configuration.
Three hundred yards of the Temperate BDU fabric was manufactured with 50 percent cotton, 49 percent nylon, and 1 percent PI40 by Delta Mills. Delta Mills is one of DSCP's largest suppliers of Temperate and Desert BDU shell fabrics. The fabric is identified as VEE 6633. Physical properties, shade, colorfastness, and infrared reflectance were evaluated according to MIL-C-44031 requirements and the results are listed in Tables 3-5. The VEE 6633 met all of the physical property requirements and demonstrated comparable data to VEE 6345, which is standard Temperate BDU fabric purchased from DSCP stock. The fabric met all requirements for infrared reflectance and matched the shade of the standard roll. The fabric met all requirements for colorfastness, with the exception of colorfastness to wet crocking for dark green with a rating of 2.5 versus the minimum rating of 3.5. This is considered to be a minimal failure and judged correctable. As expected, the fabric met the test method requirements for electrostatic decay both initially and after five cycles.
The PI 40 has also been investigated in staple Kevlar blend fabrics as part of the Materials with Integrated Protection program. Only 1 percent was incorporated in a blend of 72.5 percent Pima cotton and 26.5 percent Kevlar (VEE 6620). The physical and electrostatic properties are listed in Table 6 . While the fabric met the overall decay time requirement, it did not accept the minimum required voltage. This data and the nylon/cotton/P140 fabric data previously discussed suggest that increasing the amount of PI40 to 2 percent would most likely meet the minimum required voltage. 
CONCLUSIONS
The addition of 1 percent PI40 fiber to nylon and cotton blend fabric demonstrates durable electrostatic dissipation through 30 wash cycles and does not detrimentally affect physical, colorfastness, shade or infrared reflectance properties when incorporated in the Temperate BDU configuration.
RECOMMENDATIONS
1.
Consider adoption of 1 percent PI40 in the Temperate BDU fabric to provide durable electrostatic decay properties for fuel handlers and other electrostatic sensitive occupations. DuPont's estimated added cost of the PI 40 fiber is 5-7 cents per yard of finished fabric.
2.
Evaluate Nomex® and P140 blends for use in the Air Crew BDU and tanker's coverall. This recommendation was previously made to DuPont in a letter dated 6 May 1991. 3.
Continue development efforts regarding flame resistant treated cotton/Kevlar/nylon and PI 40 blends in support of the Materials with Integrated Protection program.
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